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Abstract . Sunspot numbers, a reliable parameter of solar activity, is generally used in cosmic ray modulation studies Besides sunspot 
number, many other solar indices such as grouped solar flares coronal holes area have been used to study their relationship with cosmic ray 
intensity However R,, a indicator of solar activity, does not propagate in the interplanetary medium. 1'herefore, we have used a new index viz 
coronal index (Cl) in cosmic ray modulation studies Cl is a full disk solar index and it may be calculated from ground-based patrol observations 
ot the solar corona This analysis indicates that the Cl would be a better suited parameter for such studies
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1. I n t r o d u c t io n
The so la r a c tiv ity  as  m e a s u re d  b y  su n sp o t n u m b e rs , sh o w s 
inverse c o rre la tio n  w ith  c o sm ic  ra y  in ten sity . B esid es  th e  
sunspo t n u m b e r , m a n y  o th e r  so la r  in d ice s  h a v e  been  u sed  
to stu d y  th e ir  re la tio n sh ip  w ith  c o sm ic  ra y  m o d u la tio n . A s 
we kn o w , g e n e ra l ly  g ro u p e d  so la r  fla res , so la r  rad io  flux  
(2800 M H z), a re a  o f  c o ro n a l h o le s  an d  tilt a n g le  h av e  been  
used as e ffe c tiv e  so la r  in d ic e s . A ll th e s e  in d ice s  a re  h ig h ly  
co rre la ted  w ith  e a c h  o th e r  a n d  each  o f  th em  can  se rv e  th e  
purpose to  sh o w  th e ir  a s s o c ia tio n  w ith  c o sm ic  ray s [1 ,2 ,3 ]. 
S hukla  el al [4] a n d  S in g h  et al [5] h av e  m ad e  an a ttem p t 
lo use th e  ti lt  a n g le  as  so la r  p a ra m e te r  in c o sm ic  ray  s tu d ies . 
They h av e  re p o r te d  s ig n if ic a n t n e g a tiv e  c o rre la tio n  b e tw een  
cosm ic ra y s  an d  ti l t  a n g le  ( a ) .  In th e  p re s e n t s tu d y , w e  h av e  
taken su n sp o t n u m b e r  {R )^, g ro u p e d  so la r  fla re s  (G S F ) an d  
co ronal in d ex  o f  so la r  a c tiv ity  (C l)  to  in v es tig a te  th e ir  
re la tio n sh ip  w ith  c o sm ic  ra y s  tim e  v a ria tio n . T h e  co ro n a l 
index d a ta  a re  ta k e n  f irs t t im e  to  o b se rv e  th e ir  a sso c ia tio n sh ip  
w ith lo n g -te rm  c o sm ic  ra y  in te n s ity  v a ria tio n . T h e  resu lts  
o b ta ined  in  th is  s tu d y , c o n f irm  c o ro n a l in d ex  as  a  re liab le  
so lar p a ra m e te r , w h ic h  m a y  b e  u sed  in c o sm ic  ray  tim e  
v aria tion  s tu d ie s .
T h e  in d ex  sh o u ld  h e lp  us to  u n d e rs ta n d  th e  ro le  o f  so la r  
ac tiv ity  in lo n g -te rm  c o sm ic  ray  m o d u la tio n . It w ill a lso  be  
u se fu l to  ex p re ss  th e  so la r  a c tiv ity  in  a  q u a n ti ta t iv e  w a y , th e  
p a tte rn  o f  ev o lu tio n  o f  ac tiv e  reg io n  as  re g a rd s  sh o r te r  
in te rv a ls  an d  th e  so la r  ac tiv ity  c y c le  p a tte rn  a s  re g a rd s  lo n g e r  
in te rv a ls . In p rev iew  to  it, w e  a tte m p t to  d e r iv e  a n d  e x p la in  
th e  re la tio n sh ip  o f  c o ro n a l in d ex  o f  so la r  a c tiv ity  w ith  
co sm ic  ray  in ten sity  v a ria tio n .
2. Data and method of analysis
In th is  an a ly s is , w e  h av e  tak en  th e  m o n th ly  m e a n  v a lu e s  o f  
co ro n al index  (C l)  o f  so la r ac tiv ity  from  th e  S o la r G eo p h y sica l 
D a ta  c o m p re h e n s iv e  R ep o rts  [6 ]. T h e  c o ro n a l in d e x  is th e  
av e ra g e  d a ily  p o w e r ( i ira d ia n c e )  e m itte d  in th e  g re e n  c o ro n a l 
line  fro m  th e  en tire  so la r  c o ro n a  as  o b se rv e d  fro m  th e  e a rth  
in to  s te rad ia n  to w a rd s  ea rth  [7].
T h e  in ten sity  o f  g reen  c o ro n a  line  (F e x  X IV , 5 3 0 3  A) is 
ro u tin e ly  m easu red  a t sev e ra l c o ro n a l s ta tio n  a ro u n d  th e  
w o rld . E ach  se t o f  m e a su re m e n t in c lu d e s  a  se r ie s  o f  lim b  
o b se rv a tio n s  w ith  a log  o f  5° in th e  p o s i t io n a l a n g le , 
b e g in n in g  fro m  th e  n o rth  so la r  p o le  ( 0 ®) a n d  p ro c e e d in g  
c o u n te r  c lo c k w ise  a ro u n d  th e  so la r  d isk  {e.g. 90® is  E  9 0 . 
2 7 0 °  is W  90). T h e se  d a ta  se ts  fro m  m e a s u re m e n ts  a re  u se d  
fo r ca lc u la tin g  th e  c o ro n a l in d ex  o f  so la r  a c tiv ity . H e re
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over the hemispliere turned towards the earth. We obtained 
the energy /■:„ so with addition of 1/2 A/, we can gel total 
energy E radiated by the corona 
E Ell t l/2 A/
By adopting the various mathematical process, Rybansky (7] 
obtained the values ot Eh and Ei In computing the values 
of Ay/and A/, he arrived at an intermediate result which may 
be useful in analysing the solar activity cycle in various 
coronal attitudes I or each latitude and observational day we
obtained the number 1/2 ' ^ { 0 -  0, )(Ai , t A, If this
/
number is divided by 180, we arrive at the average intensity 
of the line 5 1 0 ,1  A at latitude h for the given day given by
/
where /o is the intensity observed in coronal units 40" above 
the solar limb.
The average intensity A> h '^^ n be used for studing the solar 
activity cycle at various coronal latitudes
3. Re.suIts and discussion
Generally sunspot numbers are used as one of the reliable 
and easily available solar parameters to measure solar 
activity However no reliable parameter is established to 
study the relationship between solar activity and cosmic- 
rays [8,9] Nevertheless, recently a number of solar features 
were idcntilled and studied in association to cosmic ray 
modulation |3,8,10|
Some of these solar features such as grouped solar flares, 
tilt angle, coronal mass ejections and coronal green lines 
were considered on the basis of their expected physical 
mechanism, without making effort to find out, whether these 
parameters by themselves are correlated with each other or 
not. Therefore, it has been necessary to search for a new 
reliable solar parameter, which has direct influence on 
interplanetary medium and also shows high positive 
correlation with another solar parameters.
Shrivastava ct al [ 1 0 ] have earlier reported that the 
magnitude of 2800 MH / solar radio flux is a measure of solar 
activity and is highly correlated with the sunspot number. 
Other solar parameters such as area of solar polar coronal 
holes and coronal mass ejections arc also found well- 
correlatcd/anii-correlated with the sunspot number, and 
hence, except for iheir physical mechanism (if any), the 
sunspot numbers would fully serve the purpose. Recently in 
1997, Singh et al [5\ reported the association of wavmess 
of Heliospheric neutral current sheet (tilt angle a) with 
cosmic ray intensity fhe tilt angle a has been derived to 
assess their suitability for the analysis of the long-term 
variation of cosmic ray intensity.
, this work we have used a coronal index (Cl) o f solar 
tv in addition to sunspot number (R,) and grouped solar 
fCiSF) The Cl reflects both the daily changes in the 
local phoiospheric magnetic fields as well as presence 
oflonl-lived (3-6  months) coronal structures. Coronal index , 
as a full disk solar index is very easily comparable with solar , 
indice.s that arise under different physical conditions.
activity in i 
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I'igure 1 .1 he monthly nican values of grouped solar Hares (GSF), sunspot 
numbers (R,) and coronal index (C’l) for Ihc period ol 1986 to 1996
Monthly mean values of three solar indices (/?„ GSF and 
C l) are plotted in Figure I for the interval of 1986 to 1996, 
covering the solar sunspol cycle 22. The figure shows the 
eleven year cyclio patterns for all the thiec solar indices 
((jSF, Rz and Cl), in which the trend of similar variational 
patterns for Rz and Cl can be observed. Figure 2 shows the
Figure 2. The correlation plots of (i) Cl vs GSF (ii) vs GSF and
(ill) r i  vs Ri. Regression lines are shown in all the three plots for the 
interval of 1986 to 1996
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three blocks of correlation results among these three solar 
indices (^z, GSF and Cl). Upper block shows the correlation 
between the monthly mean values o f R, and Cl along with 
regression line and the value o f  correlation coefficient which 
is 0.87. Middle and lower blocks show correlations between 
Rj and GSF and GSF and Cl respectively. The correlation 
coefficients arc 0.90 and 0.85 respectively. Results obtained 
from Figure2, shows significant positive and high correlation 
of coronal index (Cl) with grouped solar flares (GSF) and 
sunspot numbers (R ,f Hence, it proves the reliability of
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hi|*urr 3. C 'o rrduhon 's  poin ts arc show n lor (i) (iS I \w C'K (ii) /<!, u  C R 
ami (in) Cl vs C R  tor Ihe period o t 1^86 to Vdliies o\ coiiehiiioii 
coelTiucnls (ec) and regression  lines arc given in all llic ihrcc blocks
coioniil index as another solar paramcltM. Correlation ol 
ray intensity (CR) with these three solar indices are 
plotted 111 Figure 3, for the interval 1986 to 1996 The 
correlation coefficients obtained from Cl v.s CK arc almost 
similar to that of R, v.v CR. The correlation coefficient in each 
case, as well as.regression lines, have been calculated and 
arc depicted in Figure 3. The monochromatic corona, is quite 
variable in its intensity, mainly above active photospher»c 
regions and in the vinicity of active prominences. Short-term 
Qhanges in solar corona can cause different results at 
different stations, even if the data were obtained by the same 
method and photometry done on same day.
Coronal index which we use in this cosmic rays modulation 
study are mostly derived from the manifestations oi the 
activity in the photosphere and the cromospherc le. from 
sunspot, flares, facular and floccular fields c(c. The proposed 
coronal index of solar activity is expressed in terms of the
energy emitted by the whole corona In tTie line 5303 A  into
one steradian towards the earth. Unified data from all coronal
stations situated on different parts of earth were used.
f^ he Cl is a full disk solar index and we can compare it 
with other solar indices The substantial advantage of Cl is 
the fact that it may he calculated from gniuiid based petrol 
observations of the solar corona. As we get high positive 
correlation between C\ and ii may be possible to use Cl 
as reliable .solar activity index in cosmic ray modulation 
studies. It IS theoretically found that the use of coronal index 
on cosmic ray modulation studies is reasonable due to its 
direct innucnce in the heliospheric region. Further, we can 
see that the sunspot numbers represent only photospheric 
regions of Sun, on the other hand Cl refiects the whole 
coioua and its continuous radiating energy towards the 
earth surface t he components of coronal index such as 
solar flares, coronal mass c|cciions (C'MI ), facular and 
sunspots arc rcspoiisililc Ibr propagation of energy into 
mterplanctaiA medium, which turn into modulation of cosmic 
ra\ particles I rom the geophysical point of view, the 
coronal index is intended as an aid to elucidate solar- 
Icircsirial relationship
I rnin the results presented here, it is therefore concluded 
that the coional index of solar activity should be adopted in 
further studies in the area of cosmic ray modulation as well 
as in the area ol solar terrestrial physics
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